In this study, it is aimed to test the validity of Taylor rule for Turkey. Unlike the existing literature, validity of the rule in Turkish economy is analyzed by using different types of interest rates such as interest rates of buying/selling overnight quotes. With this purpose, monthly data for Turkish economy is used in the analyses between 2001:8 and 2012:3 and Autoregressive Distributed Lag (ARDL) method is applied. Results of the analyses show that established two models are complied with Taylor rule for Turkey for the selected period of data.
Introduction
Economics shelters various theoretical and empiric analyses which are for implementation and effectiveness of monetary policies, and determination of policy instruments within its structure. In this sense, the way of response of market interest rates to results of monetary policies has always been an estimated and analyzed subject. Macroeconomic results which were engendered by monetary policies and evaluation of the effectiveness of these policies will prepare the basis for more efficient decisions to be taken in this field. When it is assessed in this frame, execution of rule-based monetary policies has always been among the subject in which policy makers interested.
In this context, Taylor rule is important as a monetary policy rule. It is unveiled in many studies that Taylor rule is more feasible with the strategy of inflation targeting strategy. In Turkish economy, inflation targeting strategy is divided into two periods. First one called implicit inflation targeting period which had been implemented between 2002 and 2006 , and the latter is called explicit inflation targeting period which was started after 2006.
This paper attempts to test the validity of the Taylor principle for Turkey. In this study, Taylor rule is primarily evaluated under theoretical basis and some analyses in this field are addressed. Validity of Taylor rule for Turkey is evaluated by applying Autoregressive Distributed Lag (ARDL) method which is based on Unrestricted Error Correction Model (UECM). This method gives the short and long run relations between variables.
The paper also contributes the literature by suggesting different types of interest rates to test the validity of Taylor rule. In contrast to previous studies on Turkey, interest rates of buying/selling overnight quotes are chosen as dependent variable in the study.
The results can be summarized as follows. In general, established two models are complied with Taylor rule for Turkey for the selected period of data. And there is a short and long-run relation between variables.
This study consists of seven sections. In the second section, theoretical framework of Taylor rule is examined. In the third section, some examples for international and national literature about practicing Taylor type monetary policy reaction function are given. The model and data are introduced in the following section of the study. Methodology and findings of the study are given in the fifth and sixth section respectively. Finally results are explained in the seventh section. Taylor (1993) set a rule which is for the determination of short-term interest rates, in order to meet the inflation rates determined by the central banks that are authorized on implementing monetary policies. This rule has taken its place in the literature as the Taylor rule. Taylor rule refers to the more effective implementation of monetary policies in the case of deviations from the inflation target and more predictable the behavior of the monetary authority. According to the rule, 1.5% increase in the shortrun interest rate is anticipated for every 1% changes in the inflation. It is possible to explain the Taylor rule in three stages (Bhattarai, 2006:4-6) .
Taylor Rule and Theoretical Framework
(1)
In the Equation (1), where Yt denotes level of actual production, Yt* denotes level of potential production, denotes interest rate in the period of t, denotes the targeted inflation rate. This equation is also used to locate the present production gap. It is expected that the relation between production gap and deviation of interest rate is negative as a result of reducing spending of consumers and companies in the case of high interest rates.
(2)
In the Equation (2), where refers the actual inflation rate, refers the targeted inflation rate. Labor market may put pressure on wages to be increased when the production is greater than potential production. Increases in wages turn into higher inflation. This equation deals the response of price level in the economy to economic events within the framework of total supply.
In the Equation (3), where represents the nominal interest rate, represents the targeted inflation rate, represents the production gap, and represents the inflation gap. This equation which consists of interaction of Equation (1) and (2), and shows that how much interest rates will increase when production and inflation rate are smaller than their targeted values. This equation defines the Taylor rule. Greiber and Herz (2000) made an addition to equation of Taylor rule as followed to eliminate the gap which is occurred by not considering exchange rate in the Taylor rule.
(4)
In the equation (4), nominal exchange rates are also added to the model. In this equation, the case is stated in which realization of level of interest rates depends on the gap of inflation, production and nominal exchange rate. The important point in the Taylor rule is that relation between interest rates and inflation is more decisive in the long-run for the establishment of a stable equilibrium of inflation rate in the case of inelastic prices. Starting from this point, the use of short-run interest rates for meeting the targeted inflation rate represents the essence of the rule.
Literature
There are number of various empirical studies to test the mechanism of Taylor rule on the basis of countries. These studies are divided into two groups such as developed and developing countries. There are also some studies focusing on Turkey. In this part of the study, some empirical analyses also will be discussed including Turkey on Taylor rule. Mohanty and Klau (2004) found out that response of interest rate to exchange rate is greater than its response to inflation gap and production gap in developing countries. Dolada et al. (2002) estimated the asymmetric reaction function for France, Germany and Spain, put forth that central banks intervene more effectively in cases where it is above the inflation target than the cases where it is under the inflation target, but an asymmetric response for production of gap is not detected. Nielsen and Christensen (2003) analyzed monetary policy in the US by applying CVAR method for the data set from 1998 to 2002 and found out that there is a long-run relation between federal fund rates, unemployment rates and long-run interest rates. Ruth (2004) also estimated the reaction function for interest rates in selected ten European countries by applying panel data analyses. Finding of Radecki and Reinhart (1994) also supports the similar studies by proving the statistically significant of response of long-run interest rates to monetary policy behaviors for 1989 -1992 . Kuttner (2001 used the interest rates which was represented by futures prices, and stated as a result that unexpected changes in interest rate are eliminated with the expected changes in interest rates for the US by using data set of 1989-2000. An analysis of Hardy (1996) was about market response to the impact of unexpected interest rate changes in Germany, and significant results were obtained for 1, 3, 6 and 12 months interest rates. Haldane and Read (2000) reached a conclusion that uncertainties will decrease with the adoption of inflation targeting for England, Germany, The US and Italy. Edelberg and Marshall (1996) found out that bond interests give great and significant response to monetary policy shocks by applying VAR method.
But Erdal and Güloğlu (2005) Ongan (2004) , deposit interests are statistically significant with inflation and nominal exchange rate, therefore Taylor rule is valid for Turkey. Us (2004) analyzed Turkish economy by applying VAR method. Outcomes of the study showed that Turkish economy stabilizes much more quickly, and shows significantly less volatility with Monetary Conditions Index (MCI) rule under strict inflation targeting than MCI rule under flexible inflation targeting. Omay and Hasanov (2006) tried to estimate reaction function of CBRT by applying non-linear smooth transition regression model (STR) for Turkey for period from 1990 to 2003. According to the study, CBRT has applied backward looking policy rather than forward looking policy. It also shows that main purpose of expansionary monetary policy was to provide the stability of production, whereas contractionary monetary policy action was not considering stability of production. Khakimov et al. (2009) Zortuk (2007) analyzed the mechanism of Taylor rule by using Bounds test for the period from 2001 to 2006 for Turkey. Result of the study shows that independent variables are significantly effective on short-run interest rates. Lebe and Bayat (2011) used VAR method for data set of 1986-2010 for Turkey. Finding of study assures that interest rate moves according to Taylor rule. Findings of Ertuğ (2007) show that coefficient of adjustment speed in inflation equation was found insignificant, although there is a long-run relation between interbank interest rate and nominal exchange rate, inflation for 1990 to 2006, and inflation was found out weak exogenous as a result of exogeneity test. Secondly, for the analyses of the period from 2000 to 2006, a long-run relationship was found out between interbank interest rate, nominal exchange rate and production gap. Kesriyeli and Yalçin (1998) analyzed validity of Taylor rule for Turkey by applying OLS for the period of 1987 to 1998. They used two different types of inflation to represent the expected inflation such as actual yearly inflation (backward looking) and actual inflation in the coming year (forward looking). Result of the study showed that Taylor rule is valid in status of backward looking, whereas it is not valid in status of forward looking.
As it is explained above, there are various techniques, and variables used for different periods to test the validity of the rule for Turkey. To understand the issue as a whole some empirical studies are summarized at following table for Turkey. 
Model and Data
In the articles about Taylor rule for Turkey, mostly similar variables are used. Firstly, the most common variable to be used as dependent variable is either overnight interest rate or deposit interest rate. And the most common dependent variable used such as production gap, inflation gap, foreign exchange rate (for USD) or real exchange rate.
In this study, relation between inflation gap, production gap, real exchange rate and interest rates is analyzed for monthly data set from 2001:8 to 2012:3. Unlike the present studies on Taylor rule for Turkey, two types of interest rates are used as dependent variable such as buying/selling overnight quotes. Inflation gap, gdp gap and real exchange rate are also used as independent variable.
Mentioned model is written below:
To represent the interest rate (intrate), interest rates of buying/selling overnight quotes are respectively used in the models. Buying/selling overnight quotes indicate the interest rate of quotation bought and sold by CBRT. Interest rates of buying/selling overnight quotes are set in the model because they are determined by CBRT instead of market [1] .
There are two reasons of adding these two variables into the model: The first of them is to find out that which types of interest rates give better result for Taylor rule in Turkish economy. And the latter is look at the Taylor rule from a different angle as the earlier studies do not have interest rates of buying/selling overnight quotes as a dependent variable in their models. Because of this second reason, analyzing the interest rates of buying/selling overnight quotes for Taylor rule in Turkish economy seems important and indispensible. In this respect this study differs from previous studies about Turkey. These two variables are obtained from Electronic Data Distribution System-EDDS on CBRT website.
One of the independent variable used in the model is inflation gap which is calculated by taking difference of actual inflation from targeted inflation which is also calculated by considering expected Consumer Price Index (CPI) of year-end. Actual and targeted inflation data are also obtained on CBRT. Another variable is gap in gross domestic products (gdp) is calculated by taking difference of logarithmic and seasonally adjusted [2] actual value of gdp from potential value of gdp which is calculated by The Hodrick-Prescott filtration method. Data is also provided from CBRT website and this conversion process is done by using E-views 5.0. End the last independent variable used in the model is real exchange rate index shows the value of Turkish Lira against selected foreign money. Changes by years in selected variables can be seen at following graphs. 
INF
In the study, e-views-5.1 econometric software package is used to carry out unit root tests, and co-integration analysis and UECM are performed by using Microfit-5.0.
Methodology
Prior to econometric analyses, stationarity of variables are checked by conducting Augmented Dickey Fuller (ADF) test. Stationarity level of the variables will determine the method of co-integration test which shows the long-run relationship between variable. In other words, ADF test is used as a preparation of following analyses.
Checking stationarity for variables is very vital for accuracy of the findings of article. In fact, spurious regression may emerge among the non-stationary variables. In these circumstances, a very high of R 2 and significant t statistics may be observed but regression result will be insignificant economically. Because of that controlling stationarity of variables is very important (Sevüktekin and Nargeleçekenler, 2007a:311) .
Stationarity condition can be checked by a method developed by Dickey and Fuller. According to the method, simplest way of testing stationarity (in other words checking whether 1 =1 or not) is to deal with following model:
When is subtracted from both side,
According to this, equation of can be reached. In other words, testing hypothesis of also means testing (Enders, 2010:195-206) .
If
there is an equality of (8) (Sevüktekin and Nargeleçekenler, 2007a:310-315) .
If a time series becomes stationary after differencing one, original series is said to be integrated of order 1, and it is denoted by I(1). If a time series already stationary prior to this process, it is said to be integrated of order 0, and is denoted by I(0) (Chiarella and Gao, 2002:5) . Two different hypotheses can be set to check stationarity in DF Unit Root Test. If there is inequality of time series is not stationary, and it means that has a unit root. If , time series is stationary and there is no unit root (Sevüktekin and Nargeleçekenler, 2007a:310-315) .
After checking stationarity of variables, long-run relation between them should be analyzed. The most common tests to control this relation are firstly Engle and Granger (1987) with two step estimator and then Johansen and Juselius (1990) method which based on maximum likelihood estimation.
Co-integration means that linear combination of two or more series are stationary even tough individually they are not and it tests whether these series moves together in the long-run (Gökalp et al., 2011) . Levels, in which time series become stationary, determine the method to be applied for co-integration analysis. If the series are integrated at same order after as a result of unit root tests (especially at first order), Johansen-Juselius co-integration test can be applied to analyze the long-run relationship between series (Sevüktekin and Nargeleçekenler, 2007b:6) .
If the variables are integrated at different order, ARDL method should be implemented. Because of its superior features compared to other methods (Beşkaya et al. 2010) . ARDL approach which is known as Bound test also can be applied for small number of observation data regardless of what level they are stationary series (Gökalp et al., 2011) . Bound Testing Approach which estimates the short and long run relation between variable irrespective of whether the regressors are I(0) or I(1), developed by Pesaran et al. (2001) . In fact, there is no mandatory for variables to be stationary at same order in Bound test which is based on UECM (Aksu and Başar, 2009:6) . ARDL model which is used to test co-integration for variables can be shown at following equation under the assumption of that there is a constant and just one independent variable. (9) There are two main steps in this model. At first step, existence of longrun relation between the variables is tested by computing the F-statistic for testing the significance of the lagged levels of the variables in the error correction form of the underlying ARDL model. There is a table which shows appropriate critical values prepared by Pesaran, Shin, and Smith (1996) for different numbers of regressors (k), and determined whether the ARDL model contains an intercept and/or trend. This table gives two sets of critical values for two assumption such as all the variables in the ARDL model are I(1) and I(1) respectively. If the computed F-statistic falls outside of this band a conclusive decision can be made regardless of stationary level of variables (Pesaran and Pesaran, 2009) . If the founded F-statistic is greater than the critical value (%1, %5 or %10 respectively), hypothesis that there exists no long-run relation between variables is rejected at %1, %5 or %10 level respectively. If it is smaller than this critical value null hypothesis of no co-integration can be rejected. If, however, the Wald or F-statistic falls within these bounds, inference would be inconclusive (Pesaran et al. 2001 ).
Findings

Unit Root Test
As it is mentioned in the previous section of the study, testing of stationarity of the variables is vital for econometric analyses. In this part of the study, variables will be checked to find out whether they have not a unit root or have, in other words they are stationary at level or not. Augmented Dickey Fuller test is conducted for this procedure, and its outcomes are given at following table.
There are two ways to find out whether a time series are stationary or not (in other words it does not have a unit root or it does). The first way is comparing the absolute value of time series with critical values at % 1, % 5, and % 10. As it is seen, all absolute values of times series except quobuy and reer are bigger than the critical values e.g. absolute value of quosell is greater than critical value at % 1 which means quosell is statistically stationary at % 1 level. And quobuy and reer are not stationary i.e. they have a unit root problem as their absolute value at level are smaller than the critical values as %1, %5 and %10 respectively. But they become stationary after taking first difference of them.
The second way to test the stationary is done by controlling the probability values. If the probability values are smaller than %1, %5 and %10, time series are stationary at %1, %5 and %10 level respectively. As it is seen in the table, quosel, gdp, and inf are stationary at %1 level. But quobuy and reer become stationary after taking first difference. Probability values are given in parenthesis. * represents that time series are significant at 1% level.
Co-integration
To examine the long-run relationship among variables, two models are established as there are two dependent variables. Model I is set to analyze this relation between overnight interest rate for selling quotation and inflation gap, gdp gap, reel exchange rate. And Model II is set to analyze this relation between overnight interest rate for buying quotation and inflation gap, gdp gap, reel exchange rate.
Firstly existence of co-integration is searched by using Unrestricted Vector Error Correction model in ARDL method. Model I and II in this study are given below consecutively.
Model II: (11) In the models denotes the overnight interest rate for selling quotation; denotes the overnight interest rate for buying quotation; inf denotes the gap between actual inflation rate from year-end targeted inflation rate; gdp denotes the difference of the logarithmic and seasonally adjusted value of gdp from its potential value calculated by The Hodrick-Prescott filtration method; reer denotes real exchange rate index; ∆ denotes the first difference operator; the parameters of are corresponding long run multipliers; are the short run coefficients of the underlying ARDL model, and is serially independent random errors with mean zero and finite covariance matrix.
Null hypothesis of no co-integration between variables for both models can be examined by applying a non-standard F-statistics for investigating a long-term relationship in a multivariate system through testing the significance of the lagged levels of variables. Bounds F-test was applied to Model I and II in order to test the existence of a long-run relationship. Prior to ARDL test, lag length p should be decided. Selection of lag length is determined by Akaike information and Schwarz Bayesian model selection criteria. As monthly data is used in the analyses, all tests include maximum of eight lags to ensure lagged explanatory variables are present in the UECM. Selection of p should be done separately as there are two models in the study where interest rates for buying quotation and interest rate for selling quotation are dependent variables respectively. When doing this selection procedure, it also should be bear in mind that ideal lag length must be minimum and free from serial correlation problem. By considering these two key determinants, lag length is selected 7 and 1 for Model I and Model II respectively. Tables for selection of lag length for both models are given in appendix. Notes: *, **, and *** represent the lower and upper limits of the critical values for the F-test with three independent variables at 1%, 5% and 10% level of significance respectively. Critical values of the F-statistics are obtained from Pesaran et al. (2001, pp. 300) . Probability values are in parenthesis, k denotes the number of independent variables, and p denotes lag length. Superscript a means that it lies above the 0.05 upper bound and indicates the rejection of null hypothesis of no co-integration at 0.05 level of significance. Superscript b means that it lies above the 0.10 upper bound and indicates the rejection of null hypothesis of no co-integration at 0.10 level of significance.
After finding the existence of co-integration relation for both Models, a long-run ARDL model of and can be estimated as following equations.
(12) (13) In the following part of the study, findings of both Models are given respectively.
6.3.Findings of Model I
According to the estimation of ARDL (4,5,0,5) Model I is significant as a whole at 0,01 level. All lagged values of quosell, gdp and reer (with the exception of three period lagged value) are significant. For inflation, just five periods lagged value of it is significant. Squared multiple correlation coefficient is also very high. And model also passes all the diagnostic tests with the exception of not normally distributed errors. (12) (2), denote chi-squared statistics to test for no residual serial correlation, and homoscedasticity, functional form misspecification but not normally distributed errors respectively with p-values given in (.). *, **, and *** represent the significance of variables at 1%, 5%, and 10 % level respectively.
The long-run coefficient estimates are reported in Table 6 . Note that all regressors obtained from Model I are highly significant. As expected, the coefficients of inflation gap and gdp gap are positive, and that of the real exchange rate is negative. Sign of coefficients seem to support soundly Taylor rule for Turkey. Finally, levels effects and short-run dynamics of overnight interest rate for selling quotation with error correction model which related to longrun regressions are estimated. Error correction model for quosell is given below: (14) The estimates of the error correction representation selected by AIC are presented in Table 7 . The significant t-statistics on the coefficients of the lagged error-correction terms provide the existence of the causality of long-run effect. These estimates provide further direct evidence on the existence of relationship between inflation gap, gdp gap, real exchange rate and overnight interest rate for selling quotation. The R 2 is 0.60 and suggests that such error correction model fits the data well. Moreover, the computed F-statistic also provides that model is significant as a whole. Importantly, the error correction coefficient has the expected negative sign and is significant. The equilibrium correction coefficient is highly significant. It is estimated as -0.045 (0.000) which is not very large, suggests a slow speed of convergence to equilibrium. Additionally, this finding also supports the result of co-integration as provided by the F-test in the previous part of the study.
Findings of Model II
According to the estimation of ARDL (1,0,0,1) Model II is significant as a whole at 0,01 level. Except level value of inflation and one period lagged value of real exchange rate all variables are significant. Squared multiple correlation coefficient is also very high. And model also passes all the diagnostic tests with the exception of not normally distributed errors. (2), denote chi-squared statistics to test for no residual serial correlation, and homoscedasticity, functional form misspecification but not normally distributed errors respectively with p-values given in (.). *, **, and *** represent the significance of variables at 1%, 5%,and 10 % level respectively.
The long-run coefficient estimates are reported in Table 9 . Note that all regressors are significant which obtained from Model II with exception of inflation. As expected, the coefficients of gdp gap are positive, and that of the real exchange rate is negative. Sign of coefficients seem to support soundly Taylor rule for Turkey with the exception of insignificant coefficient of inflation. Finally, levels effects and short-run dynamics of overnight interest rate for buying quotation with error correction model which related to longrun regressions are estimated. Error correction model for quobuy is given below:
(15)
The estimates of the error correction representation selected by AIC are presented in following table. The significant t-statistics on the coefficients of the lagged error-correction terms provide the existence of the causality of long-run effect. These estimates provide further direct evidence on the existence of relationship between inflation gap, gdp gap, real exchange rate and overnight interest rate for buying quotation.
The R 2 is 0.15, is not very high. The computed F-statistic provides that Model II is significant as a whole. Moreover, the error correction coefficient has the expected negative sign and is significant. The equilibrium correction coefficient is highly significant. It is estimated as -0.1084 (0.002) which is quite large, suggests a moderate speed of convergence to equilibrium. This finding also supports the result of cointegration as provided by the F-test in the previous part of the study. 
Conclusion
The paper evaluates whether the Taylor rule is applicable to Turkey for the duration of inflation targeting periods. In this context interest rate decisions of the CBRT and movements of some basic macroeconomic variables which are established by Taylor type policy reaction function are taken in consideration.
To test that different types of interest rates are chosen such as interest rates of buying/selling overnight quotes unlike the present empirical analyses. These rates are selected as they are determined by CBRT and intensively applied during the uncertainties in market, and fluctuation in some fundamental indicators.
Interest rates of buying/selling overnight quotes are added into the model as dependent variable. By doing this, validity of the rule is checked for the mentioned interest rates.
Taylor rule is estimated by using an ARDL approach. Obtained results of study undisputedly show that for the Model I where interest rate of selling overnight is chosen as independent variable, CBRT's monetary policy reaction complies with the Taylor principle. For the Model II where interest rates of buying overnight is chosen as independent variable, CBRT's monetary policy reaction also complies with the Taylor principle with the exception of reaction of the interest rate to inflation shocks. The results provide a clear view of validity of Taylor principle for Turkey for selected interest rates as an addition to interest rates which have been used in similar studies.
As a result, it is estimated that more consistent results can be revealed under the Taylor Rule if especially overnight interest rate for selling quotation is used as a monetary policy instrument. In other words, Taylor rule is valid in the case of selecting overnight interest rate for selling quotation as short-run interest rate. Therefore if production gap widens, inflation gap rises or value of national currency falls, total demand can be reduced, inflation rate and real production can be realized at targeted level by determining overnight interest rate for selling quotation as shortrun interest rate.
This tool is an important measure used by CBRT as it can restrain the inflation which has been a serious problem for decades in Turkey. This tool also can rally the economy during the recession periods. The results also provide a clear prescription of the Taylor principle. That is, if a Central Bank wants to stabilize the economic indicators around their targets, it should take into account this policy option. Concisely, specified interest rate as the tool of monetary policy is a key element for policy makers to equalize mentioned imbalances in the economy.
Notes
[1] CBRT performs Open Market Operations for effectively adjustment of liquidity in economy and money supply under monetary policy targets. CBRT can carry out these operations by methods of contract or quotation in its own structure or by participating in Istanbul Stock Exchange. Quotation method is intensively applied during the uncertainties in market, and fluctuation in prices and interest rates, in which interest rates for operations are determined by CBRT by considering market conditions. Whereas in contract method, interest rates for operations are determined freely by banks and intermediary organizations.
[2] Census X12 method is used for seasonal adjustment for related series.
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